A CCOMPANYING sexual maturation and . spawning of the Pacific salmons, there occurs a series of histological and physiological changes which simulate closely those characteristic of Cushing's syndrome and experimental hyperadrenocortieism. 1 " 4 These consist principally of marked hyperplasia of the adrenal cortical tissue, a many-fold increase in the plasma concentration of 17-hydroxycorticosteroids, depletion of the lymphocytes from spleen and thymus, hyperglycemia, hypokalemia, hypertrophy of the islands of Langerhans, and degeneration of many of the internal organs including the cardiovascular system. A brief statement concerning changes in the heart and blood vessels was made in a preceding paper. 1 Since these pathological manifestations are of interest not only as an important aspect of the rapid deterioration and postspawning death of the salmon, but also because cardiovascular degeneration centering around arteriosclerosis is a conspicuous accompaniment of Gushing's syndrome and certain forms of hypercorticism induced by ACTH/ 1 ' ° a more detailed description and analysis seemed indicated. Furthermore, while arteriosclerosis has been reported in a number of mammals and birds, it has not been found heretofore in fishes. 7 Methods King (Chinook) salmon were secured in varying stages of sexual maturity: in the sea before beginning development of the gonads, at several points on their spawning migration, and when fully mature and spawning. Details concerning these fish and the methods of study employed have been given in former publications. 1 ' 2 > 4 Two runs of salmon were investigated -, 1 a fall run, which had left the ocean one to three months before spawning; and (2) a spring run, which had been in fresh water five to six months before the terminal event of their life cycle. Most of the spawning fish were in their third and fourth years of life; of these, the majority were in their fourth year. A few salmon in their second year were found in each run.* All tissues were taken from fish immediately after death. To obtain intact specimens of the dorsal aorta, which is thin-walled and applied closely to the vertebral column, it was necessary to take a section through the vertebrae including muscle and underlying kidney. The stains employed were hematoxylin and eosin; Masson trichrome for collagen; Gomori aldehyde fuchsin counter-stained with Masson technique, as employed by Abrams et al. 8 to bring out elastic tissue as w«ll as other constituents of blood vessels; Gomori elastic tissue stain; and for the demonstration of mucopolysaeearides, Hale stain, as modified by Rinehart and Abul-Haj. 9 
Results Heart

Muscle
The only abnormal change found in the heart muscle of the sexually undeveloped salmon obtained from the sea was the occurrence of numerous small areas of edema and hemorrhage, found in all but one of 17 hearts examined. This indication of focal myocardial injury may be due to the convulsive efforts of the fish to escape while being brought in on hook and line. The same type of lesion was found in migrating salmon taken by dip net. from traps, but was present less constantly.
•The population of sea salmon studied was composed of fish in their second, third, and fourth 3-ears. These salmon normally spawn at the end of their fourth year.
As the salmon neared sexual maturity, even though not more than half way to the spawning grounds, certain well-marked changes in the heart muscle became apparent. These consisted principally in vacuolization and loss of fibrils from the individual muscle fiber which, in cross section, gave the tissue a finely fenestrated appearance ( fig. 1 ). The fibrils which remained were distributed around the periphery of the muscle fiber, whereas in the heart muscle of the immature salmon in the sea, the fibers are well filled with fibrils ( fig.  2 ). By the time of spawning, further deterioration of the muscle fibers was evident ( fig. 3 ). Many of the fibers had lost all their fibrils. The muscle nuclei, often distorted or disintegrating, were surrounded by a granular substance. All parts of the heart muscle were not equally affected. In some areas, the muscle appeared to be almost normal. In certain fish, however, scarcely a normal muscle fiber was to be found. Small foci of necrosis were seen in the muscle of several hearts. Enlargement of the heart muscle fibers was present regularly in the spawning salmon. Measurements of the diameter of 60 muscle fibers in six salmon taken from the sea averaged 16.8 /x. Similar measurements in an equal number of spawning salmon of about the same size gave an average diameter of 27.3 /*, an increase of 60 per cent.
Cartilaginous metaplasia and actual cartilage formation were observed in the hearts of some spawning salmon. The principal site of these changes was at the base of the aortic valve ring and in the valve cusps. Cartilage was not found in the hearts of immature salmon. In most of the spawning fish, increased amounts of collagen were found. Frequent foci of myocardial scarring were present, associated with collagen distributed irregularly between muscle bundles.
Coronary Arteries
The coronary arteries of the salmon exhibit a structure similar to the smaller arteries of the mammal, except for the relatively thicker adventitia of the former. endothelial cells resting on a more or less convoluted internal elastic membrane. The media is principally muscular but contains some elastic tissue. A thick adventitia consists principally of collagenous lamellae and numerous heavy elastic fibers, as shown in figure  5 .
Marked changes were observed in the coronary arteries of the spawning salmon, the most conspicuous of which was the occurrence of nodules of hyperplastic intimal tissue projecting into the lumen of the vessel ( fig. 6 ). The nodule consisted of nuclei surrounded by a small amount of cytoplasm, presumably fibroblasts, and collagenous material. The single laj-er lining endothelial cells remained intact, but the internal elastic membrane immediately under the hyperplastic intima was broken and dispersed as fine filaments into the substance of the proliferated mass (figs. 6 and 7). When the hyperplastic nodules had reached a certain size, the media immediately underneath was thinned and the muscle fibers disrupted ( fig. 6 ). Section 1 ; stained with the Hale technique revealed deposition of mucopolysaccharides in the substance of the nodule. In certain coronary arteries, especially in the smaller ones, the intimal growths had increased to the point of virtually complete occlusion of the vessel lumen ( fig. 8 ).
The beginnings of intimal proliferation in the coronary arteries were observed long before spawning, even occasionally in immature sea salmon. Such changes were seen more frequently as gonadal maturation progressed, but the nodules were small and were as frequent in third-year as in fourth-year fish. By the time of spawning, however, almost all the salmon showed intimal proliferation, which was much more marked than any found previously.
Other alterations in the walls of the coronary arteries appeared to be related to the length of time the salmon had been in fresh water. In fall-run fish, which spawned one to three months after leaving the sea, relatively little change was observed in the ratios of wall thickness to lumen and width of media to adventitia (table 1) . However, in spawning spring-run salmon, which had been in the river five to six months, marked increase in the thickness of the walls was evident. This was due principally to greater width of the adventitia (table 1) , apparently the result of increased collagen deposition. In many instances, the media exhibited some increased thickness but, except for changes underlying the areas of focal intimal proliferation described above, this coat had a normal appearance. It should be added that foci of intimal hyperplasia were more frequent in the springrun than in fall-run spawners. No sex differences were observed.
Fat stains, Sudan HI and Sudan black B. showed no fat in the walls of any of the coronary arteries. Blusson trichrome stain; X 900.
( Fig. 4 ) Normal coronary artery of migrating fall-run male salmon. Shoiving internal elastic membrane, media (pale zone), and relatively thick adventitia -. Lumen contains nucleated red blood cells. Cromori aldehyde fuchsin counterstained icith Masson trichrome technique, X 250.
( Fig. 5 ) Higher magnification of right-hand lower wall of artery in figure 4 . Shows single roiv of endothelial cells resting on internal elastic membrane; adjacent media shoicing muscle fibers; next adventitia consisting of collagen and elastic fibers, X 900.
( Fig. 6 ) Coronary artery of spawning fall-run male salmon. Two large nodules of hyperplastic intima project into the lumen of the vessel ichich exhibits a much thickened wall, due mostly to increased width of adventitia. Media beneath intimal lesion is thin and muscle fibers disrupted. Hematoxylin and eosin, X 150, insert intimal nodule, X 350. 
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Arteries of the Viscera
The smaller arteries of the spleen, kidney, and digestive organs in immature salmon differed from the coronary arteries only in (hat the adventitia was relatively wider in the former vessels (table 1) . With migration and sexual maturation, these smaller visceral arteries exhibited increasing thickness of wall and reduction in diameter of lumen (figs. 9 and 10), the change in the wall being due almost entirely to growth in the width of the adventitia.
Measurements were made of 220 arteries of the spleen and kidney, 50 /x to 400 /x in diameter. The results calculated as ratios of diameter of lumen to thickness of wall and as width of adventitia to width of media are shown in table 1. Actually the increasing ihifkness of the artery wall was accompanied by diminishing diameter of lumen, as shown in figures 9 and 10. Observations indicated I hat the overall diameters of the arteries in the spawning salmon were not much larger than those of the immature fish. Complete occlusion of small vessels was seen occasion- ally, more often in the kidney than elsewhere. The obstruction was sometimes due to intimal proliferation, but in other instances the lumen appeared to be symmetrically reduced, presumably from compression by the thickened wall.
The larger visceral arteries, i.e., over 500 p in diameter, occur relatively infrequently in the salmon. Those available for study showed much less increase of wall thickness in relation to diameter of lumen than in the smaller vessels. The largest arteries were found in the head kidney, with a maximum of 1.6 mm. Vasa vasorum were not seen in arteries of any size.
Nodular proliferation of the intima in the arteries of the kidney and spleen was observed, but not as frequently nor as pronounced as in the coronary arteries. However, in the arteries of the pyloric cecae and pancreas of spring-run salmon, striking intimal changes were found. These consisted mainly of a marked eccentric thickening of the intima ( Fig. 7 ) Elastic tissue stain of coronary artery in heart of same salmon shown in figure 6 . Disruption of internal elastic membrane underlying an intimal nodule. Insert shows higher magnification of area of fragmented internal elastic membrane. Gomori elastic tissue stain, X 110 and 425.
( Fig. 8 ) Small coronary artery of spawning fallrun male salmon. Intimal hyperplasia has almost occluded lumen. Masson trichrome stain, X 475.
( Fig. 9 ) Artery in spleen of immature sea salmon. Shows relationships of wall to lumen and adventitia to media at this stage. (See table 1 for quantitative data). Masson trichrome, X 275.
( Fig. 10 ) Artery in kidney of spawning fall-run salmon. Small lumen and marked thickening of the adventitia due to dense collagen deposition. Masson trichrome stain, X 375.
( Fig. 11 ) Artery in pyloric cecae and pancreas of male spawning spring-run salmon. Shows band of thickened intima extending three-quarters tray around lumen of vessel. Continuous icavy internal elastic membrane separates intima from media. Gomori aldehyde fuchsin counter stained with Masson trichrome, X 100. (Fig. 12 ) Another artery in same region described in figure 11 ,showing broken internal elastic membrane underlying hyperplastic intima. Single layer of endothelial lining cells intact. Media thinner than intima and structure appears to be disrupted. Same stain as figure 11, X 400.
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extending for varying distances around the circumference of the lumen (fig. 11 ). The endothelium remained intact and apparently unchanged. The internal elastic membrane was thickened and, for the most part, continuous, but here and there it was disrupted ( fig. 12 ). The subendothelial tissue consisted of cells, probably fibroblasts and collagenous material. The media underlying the hyperplastic intima appeared normal, except where the internal elastic membrane was broken. Here, as in the case of the coronary arteries described above, the muscle fibers were disrupted.
Dorsal and Ventral Aorta, Capillaries, and Veins
No changes were detected in the dorsal or ventral aorta as the salmon matured and spawned. Changes in the capillaries were found only in the kidney. Marked sclerosis of the glomerular capillaries was present in spawning salmon, as described previously. 1 The composition of the thickened walls, which often obliterated the lumen of the capillary, appeared to be hyalin-like in some instances and collagenous in others. Hale stain showed a finely dispersed deposition of mucopolysaccharide in these sclerotic glomerular tufts. The only change detected in the veins of sexually mature salmon was an increased amount of collagen in the walls of these vessels, particularly in the spleen and kidney.
Discussion
In a preceding publication, 1 a comparison, in tabular form, was made of the histological changes occurring in the various organs and tissues of spawning salmon, Cushing's syndrome, experimental hyperadrenocorticism, and aging. This comparison brought out a striking similarity between the effects of prolonged exposure to high concentrations of 17-hydroxycorticosteroids in man and experimental animals on the one hand, and those changes found in the spawning salmon on the other. While a number of the histologieal alterations occurring in the salmon were similar to those of the aging mammal, the resemblance between the two conditions was by no means complete. In the above-mentioned table, changes in the cardiovascular system of the spawning salmon were designated as degeneration and beginning arteriosclerosis. The results of the present study on the nature of these degenerative manifestations have revealed both analogies with and differences from the arteriosclerotic changes occurring in Cushing's syndrome, experimental hyperadrenocorticism, and aging.
The principal and most marked histological alteration in the heart muscle of the spawning salmon, namely degeneration of the muscle fibers, has not been described in patients with Gushing's syndrome, but similar lesions of the heart muscle have been produced in certain animals by administration of adrenal corticoids. 10 ' n Also, it. has been shown that degenerative changes in the heart muscle fibers occur in animals with potassium deficiency. 32 Such lesions in their early manifestations are much like those observed in spawning salmon. This suggests the possibility that the lowered concentrations of plasma potassium, which are associated with high levels of adrenal steroids in salmon, might be responsible for heart muscle injury, a relationship that has been hypothecated in experimental animals. 11 However, in the peculiar case of the starving salmon, a direct action of these hormones on the heart muscle is conceivable.
The presence of cartilage in certain areas of the heart of the spawning salmon resembles the calcification and bony metaplasia seen in arterioselerotic hearts of human beings and in animals treated with ACTH. 3 ' 13 The lesions in the coronary arteries of the salmon show a surprising resemblance to the early manifestations of coronary disease in the human being and the dog. Moon and Rinehart 14 describe the initial changes in human coronaries as consisting of the simultaneous appearance of subendothelial fibroblastic proliferation and deposition of mucopolysaccharide in the intima, fragmentation, and degeneration of the internal elastic membrane and other elastic tissue, and the formation of collagen fibers in the intimal plaque. Lindsay, Chaikoff, and Gilmore 15 found similar changes in the dog. The early lesions of spontaneous arteriosclerosis in the domestic fowl, as re-ported by Chaikoff and co-workers, 10 also consist of intimal hyperplasia but do not duplicate all the characteristics of the above described process.* Intimal nodules, or elevated plaques, while not characteristic of beginning arteriosclerosis in the adult human being, have been described by Moon 17 in the coronary arteries of infants and occur also in the dog and the fowl. 15 ' lc More in conformity with the usual picture of the early arteriosclerotic lesion in humans are the lesions found in the arteries of the pyloric cecae and pancreas of those salmon which had spent the longest period in fresh water (five to six months) before spawning. Furthermore, the coronary arteries of these spring-run spawners also showed more pronounced arteriosclerotie changes than were found in those of the fall-run fish which had been in fresh water only two to three months. Is this difference in degree of arterial injury related to the duration of exposure to elevated concentrations of 17-hydroxycorticosteroids ? Earlier studies 3 ' 4 showed that the blood of spring-run salmon contained markedly increased quantities of adrenal corticoids for at least four months prior to spawning.
The constant association of arteriosclerosis with Cushing's syndrome suggests a causal relationship between high adrenal corticoid concentrations in the blood and arterial degenerative change, but experimental evidence for such a relationship has until recently been lacking. Wexler et al. 5>c have found that the "stress" of repeated and frequent breeding, coupled with uninephrectomy and injections of ACTH, will produce a syndrome in rats similar to that described in the spawning salmon. 1^ The breeder rats develop arteriosclerosis, hypertension, diabetes, nephrosclerosis, show signs of accelerated aging, and other evidence of degeneration which resemble the Cusbingoid changes seen in man and fish. During the development of these changes, the adrenal glands undergo progressive hypertrophy accompanied by increased secretion of corticoids. 1S These rats develop arterial lesions 0 which resemble those described by Moon *The internal elastic membrane, often poorly delineated in birds, does not show early disruption, and lipids are found constant!}-in the lesion. et al. 14 in human arteries and those occurring in spawning salmon.
The accumulation of relatively large amounts of collagenous material in the adventitia of the visceral and coronary arteries and in the stroma of the spleen 1 of the spawning salmon is not consistent with the known effects in mammals of cortisone and cortisol which suppress collagen formation. However, certain of the mineralocorticoids, particularly desoxycorticosterone and aldosterone, have been shown to produce increased collagen deposition. 19 ' 20 We have no information as to whether or not the production of desoxycorticosterone is increased in the migrating and spawning salmon, but it has been found by Phillips et al. that substantial concentrations of aldosterone are present in the blood of the fully mature fish. 21 Further changes, which characterize the evolving arteriosclerotic lesion in human beings and mammals, i.e., fatty infiltration and calcium deposits, were not found in the salmon. None of the degenerative alterations occurring in the cardiovascular system of the spawning salmon appeared to be related to the age of the fish. Salmon in their second year showed just as pronounced changes as did those in their fourth year of life.
While evidence at present available does suggest that there may be a causal relationship between hyperadrenocorticism and vascular degeneration in the salmon, more information is needed to permit any definite conclusion. Nothing is known about possible changes in the histology of the circulatory system of other fishes at the time of sexual maturity and, aside from the salmonids, little study has been given to adrenal activity in fish during gonad maturation. Investigation of these aspects of the problem is now in progress.
Summary
In a study of the cardiovascular system of spawning Pacific salmon, degenerative changes were found in the heart muscle, coronary and visceral arteries, and capillaries of the kidney glomeruli. The heart muscle showed vacuolization of the muscle fibers with loss of fibrils, deposition of collagen, and cartilaginous metaplasia. Changes in the coronary and visceral arteries consisted of intimal hyperplasia with deposition of mucopolysaecharides, disruption of the internal elastic membrane, and destruction of adjacent muscle fibers in the media. The glonierular capillaries showed marked sclerosis. The resemblance of the arterial changes in the salmon to the beginning manifestations of arteriosclerosis in man, mammals, and birds is pointed out, and the relationship of the salmon's state of hyperadrenocorticism to the occurrence of the vascular lesions is discussed. 
